Obesity and diabetes are major health problems in the United States. The primary aim of this study is to examine the association between obesity and diabetes and to estimate the cost of diabetes linked to obesity in the Appalachian region. A system of simultaneous equations approach, and a logit estimation are employed for the analyses. Behavioral Risk Factor Surveillance System (BRFSS) surveys for 2001 and 2009 are the main sources of data. Both county-level and individual-level data are used for the analyses. The simultaneous approach at county-level based on the changes of income, employment, obesity, and diabetes reveals that obesity increases diabetes, but diabetes does not have an effect on obesity. The counties with high initial levels of obesity had less obesity growth but more diabetes growth. Increasing income impacts negatively on diabetes growth. Logit analysis indicates that obesity significantly increases the risk of diabetes of adults' in Appalachia. Besides, being employed, higher income, as well as engaging in exercise reduce the prevalence of diabetes, while age increases diabetes. The economic cost of obesity-related diabetes is $1.9 billion, and can be reduced through mitigating obesity.
INTRODUCTION
Obesity is a major health problem and nearly 34 percent of the US adult population are obese [1, 2] . With the current trend of obesity, 50 percent of the US population will be obese in 2030 [3] . According to many studies, diabetes (type II), heart disease, hypertension, cancer, diabetes, asthma, and some psychological disorders link to obesity [4] [5] [6] . Obesity increases the risk of premature mortality [7] and is associated with nearly 300,000 annual deaths in the United States [5] . However, the magnitude of health impacts of a particular region depends upon the levels of obesity-related diseases, socioeconomic and behavioral characteristics of individuals [8, 9] , and environmental and geographical characteristics [10, 11] .
The epidemic of obesity absorbs increasingly greater health care budgets in the United States. For instance, health expenditures (as a share of GDP) were 15.2 percent in 2003 [12] . There are four major categories of the economic impacts associated with obesity: direct medical costs, productivity costs, transportation costs, and human capital costs [13] . According to the US Department of Health and Human Services [14] , the annual cost of obesity was $147 billion in 2008 and people who were obese had annual medical costs that were $1429 higher than the cost for people of normal body weight. The overall annual cost of being obese is $2646 for an obese man and $4879 for an obese woman [3] .
The prevalence of diabetes (type II) continued to increase with obesity in the United States [15] . It requires a lifetime of medical care and drug therapy from the beginning in controlling diabetes (type II) which lowers quality of life. The economic costs attributable to obesity were $11.3 billion for diabetes (type II) [16] . The childhood obesity shows a positive relationship with diabetes (type II) among children, especially between 10 -17 years old [17] . Thus, the main objectives of the study are to examine the association between obesity and diabetes and to estimate the cost of diabetes linked to obesity in Appalachia.
The paper spreads as follows. Section 2 provides background information of Appalachia. Section 3 explains
METHODS AND DATA
In order to examine the association between obesity and diabetes a set of linear simultaneous equations is used. Statistically this approach helps reach better comprehensive estimations. Within the consumer's utility maximization context, a Logit analysis is used to estimate the cost of diabetes linked to obesity. A Logit regression is a type of probabilistic classification model which is used for predicting the outcome of a categorical dependent variable based on predictor variables.
Examine the Impacts of Obesity on Diabetes in Appalachia
A system of simultaneous equations model is used to examine the impacts of obesity on diabetes. The model assumes the interdependence of income, employment, obesity, and diabetes within the context of consumer's utility theory. Interestingly, the simultaneous equations approach accounts for interactions among the interdependent variables, and make comprehensive estimations. Moreover, the estimations based on a system of equations overcome inconsistency and bias and lead to efficient estimation. Within the consumer's utility maximization context, a Logit analysis is used to estimate the economic cost. Individual level data for diabetes and obesity for 2009 are used for the analysis. A Logit analysis of a response function for diabetes with obesity as a qualitative exogenous variable would give the coefficient for the marginal impact of obesity for diabetes. In a well-defined Logit equation, this coefficient for obesity indicates the contribution of obesity to diabetes. Multiplying the coefficient value by the known healthcare expenditures of diabetes, would give the cost of diabetes linked to obesity. These types of dose-response functions are used in cost calculations [25] [26] [27] . To obtain the total economic cost (TEC D ) of obesity related to diabetes, the total expenditures on healthcare for diabetes (THE D ) in Appalachia is multiplied by the coefficient of O i (α 1 ) from the marginal effects of the Logit equation for diabetes. Nevertheless, any loss in productivity due to absenteeism, or the loss to an individual over his or her lifetime of lost income does not account for the total economic cost.
(11) TEC D = THE D × α 1
Sources of Data
Behavior Risk Factor Surveillance Systems (BRFSS) survey data collected by the Center for Disease Control and Prevention (CDC) for 2001 and 2009 [28, 29] are the main source of data. For the analysis, both individuallevel and country averaged, data are used. County averaged data for 2001, and 2009 are used to examine the impacts of obesity on diabetes. Individual-level data of 2009 are used to estimate the cost of diabetes linked to obesity. BRFSS is a survey of health-risk behaviors in non-institutionalized civilian adults, age 18 years and over. Data are collected from a stratified random sample by the state health departments with the collaboration of the CDC. Moreover, data for the county-level employment, income, number of adults, and population, are collected from the Bureau of Economic Analysis, and the US Census Reports [30] [31] [32] . Analysis is done using the statistical package of STATA [33].
RESULTS AND DISCUSSION

Examining the Impacts of Obesity on
Diabetes in Appalachia Table 1 shows the county averaged variables, and their descriptions used to examine the link of obesity and diabetes. Table 2 shows the econometric results of the analysis.
A system of four simultaneous equations was used to measure the links between obesity and diabetes in Appalachia. The variables used, and the results are presented in Table 2 Results for employment change equation show that a one percent change in income growth increase employment growth by 0.33 percent. One reason for this could be that high income leads to more savings and investment which increases employment. Also, high income in a county may lead to improved educational facilities, healthcare facilities, and other local amenities that increase the number of jobs. Results further indicate that growth in diabetes rates (DIAC) has a negative relationship with employment growth. The initial level of diabetes (DIAB01) also has a negative relationship with employment growth. Thus, an increasing percentage of diabetic patients decrease employment growth in Appala- chia. The initial level of employment (EMP01) is significant and negative but the coefficient is small. Education (EDU) has a significant and positive relationship with employment growth. There is a significant and positive relationship between the percentage of a county's population that is married, and employment growth. The empirical results for obesity change (OBEC) equation indicates that increasing income change (INCC) increases obesity change. Results also show that income in 2001 (INC01) has a positive relationship with obesity change. The significant and negative relationship with the initial obesity rate shows that county which had a high obesity level have lower obesity rates.
The results for diabetes change (DIAC) show that income change (INCC) and diabetes change are significantly and negatively related. When income growth increases by one percent, diabetes rates decrease by 1.1 percent. This may be due to greater attention to diabetes care with increasing county income. As expected, obesity increases are significantly and positively related to increases in diabetes. A one percent increase in obesity change, increases diabetes change by 0.8 percent. This result is supported by Gregg et al. who found a continuous increase of diabetes with increasing obesity in the United States [15] . The negative impact of the initial income level indicates that when average county income was higher in 2001, increases in the rates of diabetes were lower in those counties.
Estimate the Cost of Diabetes Linked to Obesity in Appalachia
1) Logit Analysis for Diabetes
Definitions of all variables used for Logit analysis are presented in Table 3 with mean, standard deviation, minimum, and maximum value. Individual-level data in 2009 were used for the analysis. Data were cleaned from individuals who were pregnant or who had any kind of missing data for exogenous variables. Thus, the sample size was 21,225 individuals for the Appalachia. Table 4 shows the results for Logit analysis. According to the results most of the independent variables are significant and have the expected signs. Obesity is significantly and positively related to diabetes; an obese person is 11 percent more likely to become diabetic than a non-obese person. Diabetes and age show a positive relationship as expected. According to Mayo Foundation [34] , getting older, increases one's vulnerability towards diabetes (type II), especially after 45 years of age.
Those who are employed show significantly lower probabilities of getting diabetes. This may be due to better income, education, and other facilities, associated with greater employment opportunities. Even though the impact value is low, increasing income decreases the potential of becoming a diabetic. A significant and positive result for gender indicates that adult men are more vulnerable to diabetes than adult women. Variable for race indicates that the white individuals are less likely to get diabetes than the non-white individuals. Spending more time on physical exercise decreases the potential of becoming a diabetic. Drinking alcohol indicates a negative association with diabetes. The result is supported by certain studies [35, 36] .
2) Calculating Total Healthcare Expenditures for Diabetes (THE D )
The calculation of total healthcare expenditure for diabetes in Appalachia is based on the estimations of Milken Institute [37] To obtain the total economic cost (TEC D ) of diabetes linked to obesity, the total healthcare expenditures for diabetes ($17.8 billion) is multiplied by the coefficient of obesity (0.10855), which was estimated using marginal effects from Logit analysis. Thus, the total economic cost of diabetes due to obesity is $1.934 billion for 2009 in Appalachia. In other words, if obesity could be controlled completely the cost of diabetes would be reduced by up to $1.934 billion for 2009.
4) Estimating Reductions in Economic Cost of Diabetes Linked to Obesity (TEC D ) Associated with Reductions in Obesity of Individuals
To measure reduction of economic costs with reductions in obesity of individuals, estimations of total economic cost of obesity-related diabetes (TEC D ) is used with the obesity rate for Appalachia in 2009 (31 percent). The intention is to estimate economic cost reductions that would occur with significant reductions in obesity from 31 percent. Reduction possibilities in total economic cost are considered by comparing obesity rates in Appalachia to three values. First, the potential economic gains in the region are calculated compared to Colorado, which reports the lowest obesity rate of 21 percent. Second, potential gains are estimated compared to the national average obesity rate in 2009, which was 25 percent. Third, gains are estimated compared to the federal target of reducing obesity to 15 percent.
The potential gains are shown in Table 6 . These estimations are conservative as all the costs of obesity-related diseases don't account for in these calculations. Also, it is assumed that reductions in costs are linearly related to reductions in obesity rates as actual impacts are not known. Thus, interpretation of these values should be done carefully. 
CONCLUSIONS AND SUGGESTIONS
The main purpose of this study was to examine the association between obesity and diabetes and to estimate the cost of diabetes linked to obesity in the Appalachian region. County-level analysis based on the changes of income, employment, obesity, and diabetes highlights a few important points. First, the analysis reveals that obesity and income changes are positively related in the Appalachian region. This occurs because income levels as well as obesity rates have been increasing within the last one to two decades in Appalachia [18] . Interestingly, county level analysis suggests that obesity increases diabetes, but diabetes does not affect obesity. Counties with high initial levels of obesity had less obesity growth but more diabetes growth. Increasing income impacts negatively on diabetes growth. This means that obesity needs to be controlled in order to control diabetes.
The county level results are supported by the individual level Logit analysis, which indicates that obesity significantly increases the risk of diabetes of adults' in Appalachia. Also, being employed, higher income, as well as engaging in exercise reduce the prevalence of diabetes, while age increases diabetes. The economic cost calculation shows that nearly $1.9 billion of the cost of diabetes is due to obesity. Thus, policies to control diabetes need adequate attention of obesity reduction. Policy attempts on mitigating obesity with achievable targets can significantly reduce cost of diabetes in Appalachia.
